We have isolated c-Kit+ Lin-cells from both human and murine amniotic fluid (AF) and investigated their hematopoietic potential. In vitro, the c-Kit+ Lin-population in both species 
Introduction
Defining the embryonic origin of mammalian hematopoietic stem cells (HSCs) is important for several reasons: understanding how specific adult cell lineages develop, uncovering the pathophysiology of inherited diseases of the hematopoietic system and developing new, HSCbased therapeutic strategies. The process of blood cell development in the mammalian conceptus is particularly complex, as it occurs at least in three sites separated in both space and time: the yolk sac (YS), the para-aortic splanchnopleure (pSp) and aorta-gonadmesonephros (AGM) region and the chorio-allantoic placenta 1, 2 . Cells with hematopoietic activity can be further distinguished on the basis of their functional properties, as defined by their ability to give rise to all the blood cell lineages in vitro and/or in vivo in either newborn or adult mice.
In the mouse, the first definitive repopulating HSCs are found at around E 9.0 in the dorsal aorta and in the yolk sac (YS) and at around E10 in the vitelline, the umbilical arteries and the placenta [3] [4] [5] [6] [7] [8] [9] [10] . Given that the circulatory system is already established at E8.0-E8.25 11 , even though not fully functional until E10 12 , the question of whether regions other than the dorsal aorta 4 represent sites of de novo generation of HSC has, until very recently, been subject to much debate. The work performed by Rhodes et al in embryos lacking a circulatory system now suggests that the placenta may correspond to a true site of HSC generation and expansion 10 . These recently published findings still require further investigation, in order to fully define the in vivo functional activity of this hematopoietic site in the absence of circulation, since it is well known that prospective hematopoietic cells are influenced by morphogens and factors produced by the immediate environment 1 . Strikingly, there are close interactions between the mesoderm of each known hematopoietic site and the endoderm (in the bilaminar YS), trophectoderm (in the placenta) and the dorsal ectoderm and ventral endoderm (in the AGM region) 1 . These close layers are likely to provide signaling molecules,
For personal use only. on . by guest www.bloodjournal.org From including VEGF, bFGF and TGF-beta1 which are essential for the hematopoietic specification of the mesoderm 13 via the controlled expression of key hematopoietic transcriptions factors such as Gata2 and Runx1. Indeed, both Gata2-and Runx1/Aml1-deficient mice present a complete absence of definitive HSCs in the AGM, whereas YS hematopoietic progenitors are still present (albeit in low numbers, in the case of the GATA2 deficiency 1 ). Indeed, LMO2, GATA2 and SCL were shown to bind to the conserved E regions of the Runx1 locus, inducing its transactivation and the expression of Runx1 14 transcription
factor that marks the onset of definitive hematopoiesis 15, 16 .
Whether human and murine hematopoietic systems have the same extra-and intra-embryonic sites is still unknown. In humans, cells with hemogenic potential are observed after around 3 to 4 weeks of gestation. Hematopoietic precursor and stem cells with multilineage hematopoietic potential are first detected in the AGM region and then in the YS 17 . Even though the multilineage potential of AGM cells has not been tested definitively in vivo, the high similarity between murine and human hematopoietic precursors at equivalent developmental stages argues strongly in favor of HSC status for these cells.
Recently, it has been shown that AF contains a population of stem and progenitor cells able to differentiate into several different tissue-specific lines, at least in vitro [18] [19] [20] [21] 
Flow cytometry
Flow cytometry was performed using a FACSCalibur flow cytometer (BD Biosciences) with CellQuest acquisition software (BD Biosciences). Analysis was performed using either CellQuest or FlowJo (Tree Star, Ashland, Oregon, USA) software. The antibodies used are indicated in the supplementary file.
In vitro differentiation protocols
Myeloid and erythroid potentials were assessed by cell culture in a semi-solid medium. Serum and either murine recombinant Flt3-L (5ng/ml) and IL-7 (2ng/ml) proteins or human recombinant SCF (10ng/ml), Flt3-L (5ng/ml) and IL-7 (2ng/ml) proteins (all from R&D Systems).
Analysis of BrdU incorporation
Pregnant C57BL/6 (Ly5.2) GFP -/-female mice were injected at E12. Peripheral blood stainings of injected animals were performed every four weeks. Secondary recipients were sacrificed between 10 and 13 weeks post-transplantation and hematopoietic organs were analyzed by flow cytometry.
Gene expression analysis
As previously described 26 , cells sorted in DEPC-treated PBS were lysed by freezing at -80°C
and then heating to 65°C for 2 min. After cooling to 4°C, RNA was specifically reversetranscribed for 1 h at 37°C by adding 10 μL of a mix containing 12.2 μM of the specific 3'
primer A (see Supplemental Table) , Buffer II 10x (Applied Biosystems, Courtaboeuf, Supplemental Table) . PCR products were then resolved on a 2.5% agarose ethidium bromide gel and were sequenced to confirm specificity. Taken as a whole, these results show that KL cells are present in human and murine AF at very early time points in gestation and remain to a varying extent, with a peak at midgestation. In the mouse embryo, KL cells were also found in the Am.
Characterization of murine and human KL cells
Immunological phenotyping was performed on KL cells isolated from the murine AF, Am and FL (Figure 2a , top panels and supplemental Table 2 ) and from the human AF and CB (Figure 2a , bottom panels and supplemental Table 2 shown recently that G-CSF for instance was able to strongly down regulate CD45 expression on bone marrow leukocytes while increasing their motility 31 . Regarding CD44 expression, as described for ckit, two populations, one CD44-and one CD44+ coexisted in the mFL and AF KL populations, the CD44-fraction being minor in the FL, while it represented most AFKL cells. The absence of CD44 in most AFKL cells is not surprising, as it mediates cell adhesion;
For These results clearly show that both murine and human AFKL cells display an in vitro multilineage hematopoietic potential that is indistinguishable (as far as murine cells are concerned) from the one that characterizes FLKL at the same stage of development.
Murine AFKL cells exhibit strong hematopoietic potential in vivo.
Murine AF and FL KL cells from Ly5.2+ GFP+ embryos were sorted and transplanted into RAG1 -/-C57BL/6 (Ly5.1) recipients. We transplanted a mean of 2x10 4 AFKL cells (the amount usually collected from 2 embryos) and, as positive control, 2x10 4 FLKL cells isolated from the same E12.5 or E13.5 embryos. As shown in Table 1 
Gene expression profiling of murine KL cells
To further characterize the mAF, Am and FLKL cell populations, we studied the expression of several genes involved in hematopoietic differentiation in single-sorted cells by using multiplex RT-PCRs, as previously described 25, 26 (Figure 5a and 5b) . Under appropriate differentiation conditions, murine and human c-Kit+ Lin-cells were able to generate all the blood lineages, i.e. myeloid and erythroid colonies, as well as mixed CFU-GEMM and B-, NK-and T-lymphocytes. However, hAFKL cells only generated immature Tcell precursors, suggesting that the T-cell culture conditions used herein may not be fully appropriate for this population.
Freshly isolated hAFKL cells gave rise to erythroid, myeloid and lymphoid lineages in in vitro assays but failed to reconstitute the hematopoietic system in irradiated NOD/SCID mice. genes known to be involved in either the early or late stages of hematopoietic development. In the present work, we were able to identify an overall pattern of expression which can be considered to be a signature of hematopoietic commitment. Gata2, Lmo2, Aml1/Runx1 were co-expressed by 28%, 19% and 14% of the mAF-, mAm-and mFLKL cells, respectively.
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Most of Gata2/Lmo1/Runx1-expressing KL cells from the three locations also expressed Gata1 (a key regulator in the emergence of common myeloid progenitors), while others did not express Gata1 and were thus reminiscent of the AGM LT-repopulating HSCs described by others 16, [40] [41] [42] Nevertheless, the overall gene expression profile suggests that in contrast to AmKL cells, AFKL cells resemble hematopoietic progenitors from definitive hematopoiesis sites such as the AGM, placenta or the umbilical/vitelline arteries 1, 10 . As far as the AFKL cells' origin is concerned, experiments with specific Cre-Lox mouse models are ongoing. One mouse was not tested for the presence of NK cells.
